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Earthquakes of note which occurred in the 20th century in
SA are shown in Table 1. The seismicity of areas located in
the interiors of the major tectonic plates is low but it is
difficult to correlate with known tectonic characteristics
[2]. The SA region is located in an intra-plate area but it is
associated with rather complex seismic characteristics. The
SA region is mainly affected by mine-induced tremors. The
positions of tremor foci coincide closely with the area where
changes in the stress field due to mining are maximum. It is
known that up to 40 or more tremors are recorded monthly
in SA. The recordings are predominantly in the places
surrounding the gold mining areas like the Transvaal and
Orange Free State. Many events are also recorded around
the Carleton and Klerksdorp areas annually. [4] and [5]
reported that tremors in the region have a characteristic of
high peak horizontal accelerations and velocities measuring
up to 0.45 g and 67 mm/s respectively. In Carletonville (1986)
a peak acceleration of 0.45 g was measured. This is even
higher than the peak acceleration of 0.36 g obtained from
the well known El Centro (Mexico) earthquake of 1940. The
difference between the two seismic events is that while the
El Centro Earthquake caused massive damages to
structures and the Carletonville tremor only caused minor
damages and cracking to structures located in the vicinity
of the epicentre. Looking at other characteristics of mineinduced tremors, they have high frequencies in the range
of 10 Hz – 50 Hz. Tectonic earthquakes operate in the lower
frequency ranges. This implies that mine tremors are more
likely to produce structural responses from structures with
high natural frequencies such as low rise buildings. A
structure shows more responses to excitations with
frequencies closer to their natural frequencies. High-rise
buildings will not generally respond to mine tremors
because they have low natural frequencies, typically less
than 2 Hz. This means that single story residential buildings
are expected to respond to this type of excitation as they
fall in the high frequency range. The relationship between
frequency and magnitude of seismic events in the SA region
has been reported in [6]. Most mine-induced tremors are

ABSTRACT :Single story masonry buildings with light weight steel
roof were designed and constructed on a specially designed shaking
table at the Spoornet Laboratory in Johannesburg. The test
structures were instrumented with LVDTs and accelerometers to
measure the structural responses and behaviours of the structures
at the bottom, middle and top of the in-plane and the out-of-plane
walls. Accelerometers were also mounted on top of the steel roof to
measure the roof responses. Displacements of the structures relative
to the shaking table was measured from a rigid octagonal reference
frame located inside the structure. The responses of two types of
structures are reported. The first is a conventional block masonry
structure. The second test was carried out on dry-stack interlocking
block masonry structure which relies mainly on the interlocking
features for structural resistance. The conventional masonry
structure was subjected to 52 test runs ranging from minor peak
ground acceleration (PGA = 0.05 g) to severe (PGA = 0.7 g). A
similar test pattern was also used for loading the dry-stack system
until failure was attained. Results obtained from the conventional
structure show that test runs 1-10 caused no visible damage. Test
run 11 produced cracks along the base of the in-plane wall due to
racking, and surface or hairline cracks on the plastered surface of
out-of-plane walls. Vertical cracks above the lintel level of the inplane wall was noticed after the test run 19. The progress of the
above cracks was seen more clearly during the subsequent test runs.
During test run 33 an inclined shear crack was developed. Widening
of this shear crack was seen during subsequent tests leading
ultimately to the collapse of parts of the walls during test run 52 and
the test was concluded. The PGA at last run for the conventional
masonry structure was 0.7 g which is equivalent to a magnitude of
between 7.4 and 8.1 on the Richter scale or XI on the Modified
Mercalli Intensity, MMI scale. This paper reports the structural
responses of the test structures to simulated earthquake loading.

I. INTRODUCTION
Over 50% of the world’s population is currently living in
Earthquake prone regions. Masonry is a brittle material and
its behaviour under load is described in [1] and [3].
Earthquake activity in the eastern and southern Africa region
is characterised by the occurrence of destructive
earthquakes which are controlled by the well-known regional
tectonic feature, the East Africa rift system. The zones of
active seismicity in South Africa (SA) are in Mozambique,
Zimbabwe and northern Botswana. These activities are
believed to be an extension of the East African rift system.
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located in regions where the maximum principal stress
induced by mining exceeded 1 kb or where the minimum
principal induced stress was less than –160 bars [7],
compressive stresses taken as positive. Studies [7] also
suggest that tremors tend to occur in regions where the
rock is capable of storing the most elastic strain energy
before failure. Underground observations of shear failure
indicate that tremors are the result of the rupture of
previously intact rock.
The cost effectiveness of using steel roof systems for
residential buildings is becoming increasingly apparent with
the decrease in manufacturing cost of steel components,
reliability and efficiency in construction practices, and the
economic and environmental concerns. While steel has
been one of the primary materials for structural systems, it
is only recently that its use for residential buildings is being
explored. Steel roof usually weighs less than a half of a
conventional roof. A roof that weighs less also has less
sway from side to side. In earthquake zones, reduced sway
from shaking buildings means a reduction in the forces that
generate the greatest overall destruction. By contrast, a
heavier roof is far more likely to cause the walls to collapse
when it begins to shake. The superior lightweight features
provide safety and reduce the threat of roof collapse. The
death of several thousand people during the Kobe, Japan
earthquake was attributed to the collapse of buildings with
heavy roof with light supports. A survey of roof collapse
after the Northridge, California earthquake (Jan’ l7, 1994)
shows only minor damage to 2 of 15 homes covered by
stone-coated steel roofs. In contrast, more than half (50%)
of the concrete and clay roofs were observed to have
significant damage. The behaviour of low rise structures
under simulated earthquake have been previously reported
by [8] and [9] among others.
An experimental research has been carried out to study
the seismic response of a single room and single story
conventional brick masonry and a dry stack interlocking
block masonry structures under series of simulated
earthquake ground motions ranging from minor to severe.
This paper presents outline of the experimental research
work carried out and reports the response of the test
structures.
II. EXPERIMENTALRESEARCH PROGRAM
A shake table was designed for testing structures within
the seismic range obtained in the Southern African region.
The Shake table properties and operating characteristics
are shown below:
• Table mass 7 tons
• Area in plan 4 m x 4 m

• Structure mass 20 tons
• One DOF
• Max frequency 11Hz
• Max acceleration 1.8g’s
• Max displacement 75mm
Figure 1 shows a single room single story conventional
brick masonry test structure on the shake table. The test
structure was built with conventional brick and general
purpose mortar. The compressive strength of brick was 10
MPa and the mortar cube strength was 6 MPa. The walls
were plastered both inside and outside. Steel door frames
(820 x 1900 mm high) and window (1000 x 600 mm high)
frames were installed in position as in case of the
conventional construction and pre-cast concrete lintels
were used above the windows. Each in-plane and out-ofplane wall has an opening, a door or a window which is
common practice in SA region. The door and window frames
consist of commercially available light thin wall steel frames.
A steel roof (Figure 1) made out of light weight trusses and
purlins was constructed and erected on the walls and tied
to lintels by galvanized steel wires such that an average
load of 0.75 kN/m2 was simulated.
A similar single story structure constructed with dry-stack
(mortarless) interlocking masonry units and walling systems
was also tested. The blocks (see Figure 2a) rely mainly on
the interlocking keys for stability and were made of
compressed soil-cement extruded under a pressure of about
10 MPa. A sketch of the structure is shown in three
dimensions in Figure 2b. In Figure 3, a typical construction
method of the system is shown. The base course is bonded
in mortar as well as the top three courses. The rest of the
block units in between are dry stacked without mortar. The
interlocking block structure under construction is shown
in Figure 4.
The test structures were instrumented with LVDTs
(Linearly Variable Differential Transducers) and
accelerometers to measure the response of the structure at
the bottom, middle and top of the both in in-plane and outof-plane walls. Figure 5 shows position of LVDTs and
accelerometers, and direction of loading. An Accelerometer
was mounted also on the ridge of the steel roof to measure
the roof response. Accelerometers were fixed to the wall to
measure the vibration of the structure. Displacement of the
structures relative to the shaking table was measured from
the rigid octagonal reference frame located inside the
structure. The frame was well braced and extremely stiff. A
pentium based real time data acquisition and control
software system, TLC was used to display, monitor and
record the load/stroke, displacement and acceleration
measurements in real time. The structures were subjected
to a series of unidirectional base motions for twenty
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seconds each time. The tests are varied in intensity from
minor (peak base acceleration 0.05g) to extremely severe
(peak base acceleration over 0.7g). Figure 6 shows a typical
input displacement to the table and the corresponding
acceleration of the table. Table 2 presents shake table input
run records.

III. TEST RESULTS AND DISCUSSION
Table 2 includes observation during a test. The test
structures were subjected to dynamic loading in steps
starting from low acceleration (0.05g) to high acceleration
(0.7g) in steps of 0.1g. Each stage of loading was carried
out at a particular frequency for 20 seconds (frequency 111 Hz). For each level of acceleration, g the structure was
subjected to 11 dynamic loadings. It is therefore assumed
that all failure may be due to progressive damage to the
structure. It can be seen from the shake table run records
(Table 2) that the tests were generally conducted in
increasing input acceleration. The recorded responses from
conventional masonry are shown in Figure 7 (a – c). A trial
test shows that the natural frequency of the structure is
about 9 Hz (Figure 7b). The test structure was subjected to
a total of 52 test runs. Observations during tests on the
conventional masonry building indicate that test runs 1-10
caused no visible damage. Test run 11 produced cracks
along the base of the in-plane wall due to racking, and
surface/hairline cracks on the plastered surface of out-ofplane wall. Vertical cracks above the South door in the inplane wall was noticed after the test run 19. The progress
of the above failures was seen during the subsequent test
runs. The test run 33 caused an inclined shear crack in the
east out-of-plane wall. Widening of this shear crack was
seen during the subsequent tests. Excessive opening of
the shear cracks and collapse of a part of east wall has
occurred during the test run 52 and the test was concluded.
Figure 7 shows the structural response of the structure
measured at the top of the walls. Figure 9 shows the
structure after collapse of a part of East wall.
The responses of the dry stack building system are plotted
in Figure 8. In Figure 8a the responses during the early test
runs are shown. The initial natural frequency was
established at around 5 Hz. The responses at later stages
of testing (0.2g) are shown in Figure 8. A significant shift in
the natural frequency was observed, as it now settles at
around 3 Hz. The failure of the dry stack structure was
characterised by the falling off of the top part of the wall in
a v-format as shown in Figure 10 (a and b). The walling
system showed adequate ductility and movement was
accommodated such that no visible cracks were observed
at loading acceleration below 0.2g. Ultimate failure occurred

at 0.3g at 2 Hz. This implies that the structure ultimately
failed at equivalent of Richter scale magnitude 5.0 or
Mercalli scale intensity VI.

IV. SUMMARY AND CONCLUSIONS
Single story masonry buildings with light weight steel
roof were designed and constructed on a specially designed
shaking table at the Spoornet Laboratory in Johannesburg.
Tests show that the natural frequency of test structure was
about 9 Hz for the conventional masonry system and about
5 Hz for the dry stack system. The natural frequency of the
structures decreases with increasing acceleration from
lower (0.05g) to higher (0.6g). This is due to the effect of
progressive damage to the structure from previous tests.
Masonry is a material with memory; response in a particular
test reflects the previous loading history because existing
cracks influence the subsequent response. Hairline surface
cracks were seen at 0.2g (9Hz) and final collapse of a part of
out-of-plane wall has occurred at 0.7g (3Hz) for the
conventional masonry, and the test was concluded. The
structure was in serviceable and immediate occupancy
condition (with minor repairable cracks) up to loading of
0.6g which is about 6.2-6.9 on the Richter scale and IX on
the Modified Mercalli Intensity, MMI scale. For the dry
stack building system, Ultimate failure occurred at 0.3g at 2
Hz. This implies that the structure is capable of resisting up
to equivalent of Richter Scale magnitude 5.0 or Mercalli
Scale intensity VI-VII. Seismic events in SA are
predominantly mine induced with some occurrence of intra
plate tectonic activities [10]. The SA loading code SANS
10160 recommends that structures located in seismic zones
be designed to resist 0.1g seismic loading. It therefore
implies that dry-stack masonry blocks are suitable for use
in areas at risk from mine induced seismicity.
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Table 1: History of Significant Seismic Events in South
Africa
(Source: http://www.geoscience.org.za/)
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Table 1: History of Significant Seismic Events in South Africa
(Source: http://www.geoscience.org.za/)
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FIGURE 1: CONVENTIONAL BRICK MASONRY TEST S TRUCTURE ON THE
SHAKE TABLE (BEFORE TESTING)

Figure 3: Typical Construction Detail of Dry-Stack
Wall System

Figure 2a: Dimensions of the interlocking Block Units.

Figure 4: Dry-Stack Masonry Structure for Dynamic testing
under construction.

Figure 2b: Sketch of the test structure and dimensions
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Figure 5: Position of LVDTs and Accelerometers, and
Direction of Loading

Figure 6a: Table Acceleration

Figure 6b: Table Displacement
Figure 6: Typical Table Input Acceleration and
Displacement (1Hz/ 0.3g)

Figure 8: Responses of In-Plane and out-of-plane Wall at 0.2g
(Dry-Stack Masonry)
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Figure 9: Out-of-Plane Failure of East Wall
(Conventional Masonry)

Figure 10a: Out-of-Plane Failure of Dry Stack
Interlocking Block Building (East Wall )

Figure 10b: Out-of-Plane Failure of Dry Stack
Interlocking Block Building (West Wall )

Figure 10: Failure of Dry Stack Interlocking Block
Building
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